INTRODUCTION
============

Tissue conditioners have been commonly used to enhance the recovery of denture-bearing tissues from trauma, damage or residual ridge resorption usually caused by ill-fitting dentures. However, these materials are degenerated with time and are easily degradable and occasionally are susceptible to colonization by microorganisms.[@B1] Microbial growth results from the adherence of microbial cells are promoted by rough surface, and from adhesive interactions between Candida species and oral bacteria, mostly *Candida albicans* and oral *streptococci*.[@B2],[@B3] Moreover, *Staphylococcus aureus*, giving rise to pharyngeal and respiratory infections, has been isolated from dentures and the oral cavity in elderly patients with decreased immunological activity.[@B4],[@B5] Therefore, the maintenance of tissue conditioners and the prevention of the accumulation of microorganisms on such materials are of great importance. Tissue conditioners could be kept clean by mechanical and chemical methods. However, it is also known that these methods can cause considerable damage to tissue conditioners[@B6],[@B7] and to some geriatric or hospitalized patients, even denture cleansing might be compromised owing to cognitive impairment, reduced motor dexterity and memory loss. Systemic or local antibiotic agents have been prescribed for eliminating the bacterial population, however, with microbial resistance and the health-care costs being surged, the researching on antimicrobial denture base or lining material is needed for its prevention and care.[@B8],[@B9] Several *in vitro* and *in vivo* studies have shown the beneficial effects of antimicrobial agents combined in tissue conditioners.[@B10]-[@B12] However, bacteria may induce stomatitis[@B13],[@B14] and no potentially effective and persistent antimicrobial agent to be incorporated has been developed.

Silver (Ag) has been well known for its antimicrobial characteristic and has a long history[@B15] of application in medicine with a well tolerated tissue response and low toxicity profile and it is more toxic than many other metals against a broad spectrum of sessile bacteria and fungi which colonize on plastic surface.[@B16],[@B17] Such characteristics have led to drawing an attention recently due to the emergence of antibiotic resistant bacteria as a result of overuse of antibiotics and far lower propensity to induce microbial resistance than antibiotics. Silver containing materials are already used as prostheses, such as the technology of central venous catheter, vascular graft and wound dressing.[@B18],[@B19] Particularly, silver nanoparticles (Ag°), the nano-sized (nm) inorganic particle form of silver, with its rapid and broad-spectrum efficacy and its sustained silver cation (Ag^+^) release[@B18],[@B19] appears to be more effective means of prophylaxis than micro-sized silver powder (µm) which shows lower antimicrobial activity owing to its limited surface.[@B19],[@B20]

The objectives of present study were to examine *in vitro*: (i) the antimicrobial effect of the modified tissue conditioner containing silver nanoparticles towards nosocomial respiratory infection-causing bacteria, *Staphylococcus aureus* (*S. aureus*), oral endogenous bacteria *Streptococcus mutans* (*S. mutans*) and a fungal species associated with denture stomatitis, *Candida albicans* (*C. albicans*) and (ii) the dose of silver nanoparticles necessary to obtain as the antiseptic material.

MATERIALS AND METHODS
=====================

1. Preparation of silver nanoparticles
--------------------------------------

Ag° was prepared as the following the procedure. Aqueous silver sol was prepared with 10.0 mM of analytical grade AgNO~3~ in distilled water and 2.0% PVP (Polyvinyl Pyrrolidon) was used as stabilizer. All solutions were deaerated by bubbling with argon gas for 1 hour and then they were irradiated in the field of 20 KGy ^60^Co Gamma-ray sources. The image of prepared Ag° was shown through the TEM (Transmission Electron Microscope) view ([Fig. 1](#F1){ref-type="fig"}).

2. Sample fabrication (Ag°-tissue conditioner)
----------------------------------------------

The tissue conditioner selected in this study was GC Soft-Liner (GC cooperation, Tokyo, Japan) supplied as powder and liquid. Doses of Ag° added to the conditioner liquid are shown in [Table 1](#T1){ref-type="table"}. Colloidal Ag° was preliminary combined and homogenized with the conditioner liquid in a sterile glass beaker at the concentration ranging from 0 (control), 0.1, 0.5, 1.0, 2.0 to 3.0% (vol/vol %: Colloidal Ag°/conditioner liquid) respectively. Immediately afterwards, the conditioner powder was added and mixed for 30 seconds at designated powder/liquid ratio as manufacturer\'s instruction. In order to fabricate samples into uniform shape with regular surface, the mixed paste of conditioner was poured onto a custom-made brass mould with the hole (20 mm diameter × 3.0 mm depth). The mixed paste was sandwiched between glass-slides until it was solidified under humid condition. The total 162 samples were prepared and they were divided into six groups (n = 27) according to the concentration of Ag° incorporated. Then, within a group, nine samples were assigned to each strain. Before microbial assay, all samples were sterilized with ethylene oxide gas for 24 hrs to ensure the initial sterility of samples.

3. Microorganisms
-----------------

Three standard strain organisms were used: *S. aureus* (ATCC 6538), *S. mutans* (ATCC 10449) and *C. albicans* (ATCC 14053). Microbial suspensions were obtained from single colony isolated on agar plates, inoculated in appropriate broth for overnight cultures. Bacterial strains were grown in brainheart infusion (BHI) (Difco, Franklin Lakes, NJ, USA) broth and onto Mueller Hinton agar plates at 37℃ and *C. albicans* strain was grown in Schaedler broth (Difco, Franklin Lakes, NJ ,USA) and onto Sabouraud agar plates (Difco, Franklin Lakes, NJ, USA) at 30℃. After incubating microbial cells at 37℃ overnight, optical density (OD) of the suspension at 600 nm was adjusted to 1.0 using a spectrophotometer (Milton Roy spectrophotometer 20D^+^, Milton Roy, Ivyland, USA). The suspension was diluted with phosphate-buffered saline (pH 7.4) to 1:100 and suspended to final concentration of 1.0 × 10^7^ cells/mL.[@B14],[@B21]

4. Antimicrobial assay
----------------------

Each disc sample of Ag°-tissue conditioner and control were placed on the flat bottom of the separate 12-well cell culture plate (Costa®, Corning, New York, USA) of 22.1 mm well diameter and 100 µL of initial microbial suspensions in 1.0 ml of Sabouraud broth were inoculated to each well and incubated at 37℃. After incubation for 24 hrs and 72 hrs for extended contact period, suspension (100 µL) was withdrawn, viable cells (CFU: Colony Forming Unit) in the suspension were determined by using the spread plate method at a level of detection within 500 CFU per plate through the serial dilution. Assays were independently performed with three repetitive tests and data were recorded as means and standard deviations. According to conventional standards,[@B22],[@B23] the borderline of antimicrobial effect was determined at 0.1% viable cells; 99.9% reduction of CFU as the minimum bactericidal concentration (MBC) of antibiotics. Data were analyzed by oneway ANOVA and Student t-test at a 0.05 probability level.

RESULTS
=======

The antimicrobial effects of tissue conditioner with Ag° against *S. aureus*, *S. mutans* and *C. albicans* were demonstrated as the mean viable cells (CFU) after 24 and 72 hrs incubation time ([Table 2](#T2){ref-type="table"}). When compared to CFU at 0 hour, Control group (0% Ag°) did not showed any microbial inhibitory effect against all tested strains. For two bacterial strains, *S. aureus* and *S. mutans*, Ag°-tissue conditioner samples showed the minimal bactericidal effects (MBC) at the dose of above 0.1% and no viable cells were detected (no CFU) from the conditions of 1.0% above. And for fungal strain of *C. albicans*, Ag°-tissue conditioner samples showed the minimal fungicidal concentration at the dose of above 0.5% and no CFU was detected in 2.0% above. There was no statistical difference between 24 hrs and extended 72 hrs incubation time (*P* \> .05) for the antimicrobial effect.

DISCUSSION
==========

In the present work, the addition of Ag° to tissue conditioner yielded bactericidal and fungicidal properties for three reference strains, *S. aureus*, *S. mutans* and *C. albicans*. These microbial species tested are currently recommended to test antiseptic molecules.[@B24] *S. aureus*, a pathogen causing respiratory infections, has often been isolated from dentures and the oral cavity[@B4],[@B25] and dentures have recently been reported to be a carriage of this pathogen.[@B26] *S. mutans* has been associated closely with the pathogenesis of dental caries, which is of limited clinical significance for denture wearers.[@B27] However, extensive plaque formation on denture might also contribute to the decay of residual natural teeth and to the inflammation of gingival tissue adjacent to the denture.[@B27] *C. albicans* can be regularly isolated, suggesting a pathogenic association between bacteria and fungi related with denture stomatitis.

For evaluating the antimicrobial effect in present study, a small volume of microbial suspension (100 µL) was used. The oral microbe would appear to be in a stationary phase rather than in growing phase, because the nutrition is limited under the antibodies and the antimicrobial enzymes existing in the oral cavity.[@B28] The assays tested with samples immersed in a large volume of microbial suspension could not reproduce *in vivo* tissue conditioner which closely contacts the gingival mucosa.[@B11] Microorganisms in suspension (planktonic phase) are sensitive to lower antiseptic concentrations than microbe colonizing surfaces and protected by a biofilm.[@B29] In this study, the microbes were adjusted to the stationary phase to be suspended in broth. And as no criterion of the antimicrobial effect on dental material has been established so far, the concept of minimum bactericidal concentration (MBC) of antibiotics was thus adopted as the antimicrobial concentration at more than 99.9% elimination of the organisms.[@B22],[@B23]

The present microbial assay confirmed that the susceptibility of *C. albicans* to Ag°-tissue conditioner sample (0.5%) was less than to the samples (0.1%) of two bacterial strains. It is reported that Ag and silver-based compounds are highly toxic to prokaryotic cell showing strong biocidal effects on as bacteria species,[@B17] while Ag showed less effect on eukaryotic cell such as mold and yeasts.[@B30] The control group displayed no inhibitory effect against tested strains though tissue conditioner itself possesses antimicrobial effects due to ingredients such as plasticizers and ethanol.[@B31] Other studies also showed various antimicrobial effects on *C. albicans* and *S. aureus*, but these findings were at variance with previously reported findings indicating that such materials have little antimicrobial effect.[@B1],[@B32]

The present study could not jump to conclude whether the antimicrobial effect was resulted from release of silver cation from the modified sample to incubation medium or direct contact between Ag°-tissue conditioner and microbial cells. Because the mechanism of the antimicrobial effect of silver supported compound has not been fully explained yet. It was suggested that as a result of the catalytic action of silver, oxygen is converted into active oxygen (including hydroxyl radicals) by the action of light energy and/or H~2~O in the air or water only at polar surfaces. These active oxygen radicals cause the structural damage in bacteria and lead to the damage or even the death of the microorganisms, so called \"oligodynamic action of silver\".[@B19],[@B33]

It is desirable for dental materials to have a low susceptibility to oral microorganism adhesion. The results of the present study implicate that Ag° added tissue conditioner might act like latent antimicrobial material and it could provide the additional benefit of antimicrobial effect even if dentures are worn at night, therefore, could be used as an one of the alternative therapy for denture stomatitis resistant to conventional treatment or geriatric denture bearing patients under medically compromised status.[@B34] However, further studies are still required to clarify the optimal concentration of Ag°, regarding the silver content, the possible disruption of oral microflora and toxic effects of silver with excess Ag°and mechanical stability should be also considered for the proper and safe clinical application.[@B35]

CONCLUSION
==========

Within the limitations of present *in vitro* study, the modified tissue conditioner combined with silver nanoparticles displayed antimicrobial properties against *S. aureus*, *S. mutans* at 0.1% Ag° incorporated and *C. albicans* at 0.5% Ag° incorporated after a 24 hrs and 72 hrs incubation period. Further studies of cell toxicity and physical stability are still required for its clinical use.

The present research has been conducted by the Research Grant of Samsung Eye Center in 2009.
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*In vitro* antiseptic properties of a tissue conditioner disc samples combined with a silver nanoparticle (0 - 3.0 %) against *S. aureus*, *S. mutans* and *C. albicans*. Results are expressed in CFU count with standard deviation

![](jap-3-20-i002)

^\*^: Starting inoculums: 10^7^ CFU

Figures in bold represent values statistically different from control (*P* \< .05).
